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【Abstract】Objective:   In pedicle screw fixation,
the heads of monoaxial screws need to be directed in the
same straight line to accommodate the rod placement by
backing out during operation, which decreases the inser-
tional torque and internal fixation strength. While polyaxial
screws facilitate the assembly of the connecting rod, but its
ball-in-cup locking mechanism reduces the static compres-
sive bending yield strength as compared with monoaxial
screws. Our study aimed to assess the mechanical perfor-
mance of a modified pedicle screw.
Methods:    In this study, the tail of the screw body of
the modified pedicle screw was designed to be a cylinder-
shaped structure that well matched the inner wall of the
screw head and the screw head only rotated around the
cyclinder. Monoaxial screws, modified screws and polyaxial
screws were respectively assembled into 3 groups of verte-
brectomy models simulated by ultra high molecular weight
polyethylene (UHMWPE) blocks. This model was devel-
oped according to a standard for destructive mechanical
testing published by the American Society for Testing Ma-
terials (ASTM F1717–04). Each screw design had 6
subgroups, including 3 for static tension, load compression
and torsion tests, and the rest for dynamic compression
tests. In dynamic tests, the cyclic loads were 25%, 50%, and
75% of the compressive bending ultimate loads respectively.
Yield load, yield ultimate load, yield stiffness, torsional
stiffness, cycles to failure and modes of failure for the 3
types of screws were recorded. The results of modified
screws were compared with those of monoaxial and polyaxial
screws.
Results:    In static tests, results of bending stiffness,
yield load, yield torque and torsional stiffness indicated no
significant differences between the modified and monoaxial
screws (P>0.05), but both differed significantly from those
of polyaxial screws (P<0.05). In dynamic compression tests,
both modified and monoaxial screws showed failures that
occurred at the insertion point of screw body into the
UHMWPE block, while the polyaxial screw group showed
screw body swung up and down the screw head because of
loosening of the ball-in-cup mechanism.
Conclusions:    The modified screw is well-designed
and biomechanically improved. And it can provide suffi-
cient stability for segment fixation as monoaxial screws.
Key words:    Bone screws; Biomechanics; Spine; In-
ternal fixators
Transpedicular screw fixation, which provides ex-cellent initial stability for damaged segmentsby fixating the three-column spine, has been
extensively applied in managing spinal disorders such
as degenerative diseases, fractures, tumors, scoliosis,
deformities, etc.1,2 And the surgical procedures of pos-
terior approach are already well established in spinal
surgery. However, the placement of pedicle screws re-
quires precise alignment of the screw heads to allow
for incorporation of interlocking rods. Unfortunately,
during pedicle screw placement, surgeons usually de-
termine whether the screw heads have achieved pre-
cise alignment by experience, and sufficient holding
strength by feeling  the necessary torque applied to
tighten screws. When difficulties are encountered in
assembling the connecting rod, the directions of the
screw heads need to be adjusted precisely in the same
straight line by backing out or changing screws
intraoperatively. Shepard et al3 suggested that the intra-
operative adjustment of pedicle screws in the original
site may decrease the insertional torque and compro-
mise the internal fixation strength. Some scholars sug-
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gested that the insertional torque can predict a mechani-
cal stability and they found a linear correlation between
the insertional torque and the pull out strength.4-7
A variety of strategies can be done to decrease com-
plications caused by adjusting or backing out screws
intraoperatively, including use of a larger or longer or
both larger and longer screw, augmentation of the failed
hole with bone cement, or placement of the screw in a
new site.8 Obviously, this will inevitably prolong the
operation time and increase the surgical risk. The de-
sign of the polyaxial screw allows the screw head to
deviate away the perpendicular line to the longitudinal
rod, which makes assembly of the connecting rod in
the curved spine more convenient. However, compared
with monoaxial screws, polyaxial screws only have the
effect of compression and traction on the posterior ver-
tebral column and thus can hardly achieve an effective
reduction of the anterior column of the fractured verte-
bral body. Furthermore, the design of ball-in-cup lock-
ing mechanism of the rod-screw link reduces the static
compressive bending yield strength and fatigue
resistance.9
We designed a new kind of pedicle screw (modified
screw) that possesses the effect of compression and
traction on the anterior and middle column of the verte-
bral body as monoaxial screws. Meanwhile, it facili-
tates assembly of the connecting rod by only adjusting
the directions of the screw heads in the same straight
line. According to our knowledge, no reports have de-
scribed a similar pedicle screw design or carried out a
similar biomechanical research. The purpose of this
study was to assess the biomechanical characteris-
tics of the modified pedicle screw and to provide a ba-
sis for its future application in clinic.
METHODS
Design of the modified pedicle screw
The modified pedicle screw consisted of 3 parts:
screw body, head and nut. The tail of the screw body
was designed to be a cylinder-shaped structure that
well matched the inner wall of the screw head in order
to make the screw head only rotate round the cylinder
(Figure 1), not swing multiaxially as the polyaxial screw
head. Parameters for other structures, such as the in-
ner hexagon of the screw body tail, thread and hollow
structure of the screw body and diameter (1.8 mm) were
the same as those of polyaxial screws. The screw body
could be implanted into the pedicle by a wrench through
the hexagon of the screw body tail.
Synthetic models
The test models for corpectomy were established
with ultra high molecular weight polyethylene
(UHMWPE) blocks based on a similar model which
was developed according to the testing standard for
vertebral fixation (F1717-04) of the American Society
for Testing Materials (ASTM). The UHMWPE blocks
were instrumented with spinal implants strictly followed
the manufacturers’ recommendations. A tightening
torque of 10 Nm was applied to combine screws and
rods with set screws. The posterior part of each block
was obliquely cut to maintain a consistent insertion
condition for each pedicle screw that is perpendicular
to the facet. The horizontal distance between the two
insertion points was 40 mm, and the longitudinal dis-
tance between the two pedicle-screw axes was 76.0
mm. The inserted pedicle screws formed a 45.0 mm-
long lever arm, extending from the centerline of the pos-
terior longitudinal rod to the actuator axis of the testing
machine. Then the construct and a jig were mounted in
the mechanical testing machine (Minibionix 858; Eden
Prairie, MN, USA). Transverse connectors were not used
in all the implant constructs (Figure 2). All implants
were unused before testing and not retested.
All the test screws were provided by the Naton Medi-
cal Group of International Orthopaedic Research Cen-
ter (Beijing, China). Because they were designed for
the same fixation system, the structure of internal screw
and nut, diameter (6.0 mm), length (45 mm) and thread
designs were the same. Moreover, diameter, thread and
figure designs of the screw body inserted into UHMWPE
blocks were of the same parameters.
The spinal implant constructs were divided into 3
groups, instrumented with monoaxial screws in Group
1, modified screws in Group 2 and polyaxial screws in
Group 3. Each type of screw had 6 subgroups (5 as-
semblies for each), half for static tests and the rest for
dynamic compression tests. The static test included
compression, tension and torsion test and the dynamic
compression test had 3 cyclic load levels (25%, 50%,
and 75% of the compressive bending ultimate loads
respectively). All the mechanical tests were performed
on mechanical testing machine.
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The static mechanical tests were performed in the
air at room temperature. The test apparatus was loaded
at a rate of 25.0 mm/min for axial compression test
and 60°/min for torsion test. Values for load-displace-
ment curve, compression bending yield load (N), com-
pression bending stiffness (N/mm), compression bend-
ing ultimate load (N) and torsional stiffness (Nm/degree)
were recorded. The mode of failure of each construct
was observed after testing.
Dynamic compression tests were carried out with
the assemblies submerged in saline solution at 37°C.
In the fatigue test, a sinusoidal displacement to the
spinal construct was applied (R≥10). The fatigue fre-
quency was 5.0 Hz, and displacement 3.0 mm. Through-
out the test, the displacement was monitored. The ini-
tial fatigue load was 25% of the compressive bending
ultimate strength as determined in the static compres-
sion bending test and the others were 50% and 75% of
the ultimate failure load, respectively. We especially
observed the mode of failure and deformation of com-
ponents and evaluated all the changes of their surfaces.
Statistic analysis
The general form of each null hypothesis was that
the load, stiffness, or cycles to failure of the specimen
were the same for any 2 groups or levels compared.
Analysis of variance (LSD-t, ANOVA) was used to in-
vestigate the significance of the separate and interac-
tive effects of loads, stiffness, and cycles to failure at
25%, 50%, and 75% load levels respectively. Data were
processed with the SPSS 15.0 computer software (IL,
Chicago, USA). P<0.05 was considered statistically
significant.
RESULTS
The measured mechanical properties of 3 kinds of
screws in static compression test are shown in Table 1,
and typical static compression load-displacement curves
in Figure 3. The results of ANOVA showed no signifi-
cant differences between modified screws and
monoaxial screws (P>0.05) in trems of compression
bending stiffness, compression bending yield load and
compression bending ultimate load, but a significant
difference between modified screws and polyaxial
screws (P<0.05) in static mechanical properties. Modi-
fied and monoaxial screw assemblies demonstrated
plastic deformation of the longitudinal rods (Figure 4A).
In addition, curved deformity occurred to 2 monoaxial
screws at the insertion point when the compressive
bending ultimate load was exceeded (Figure 4B). In
polyaxial screw assemblies, angular deformity occurred
to the longitudinal axes of the screw body and the screw
head because of rotational slip of the multiaxial link.
The measured torque stiffness was 7.3 Nm/degree,
6.8 Nm/degree and 5.4 Nm/degree for monoaxial, modi-
fied and polyaxial screws, respectively. ANOVA dem-
onstrated that the stiffness of modified screws was simi-
lar to that of monoaxial screws (P>0.05), but stronger
than that of polyaxial screws (P<0.05).
The condition of tension bending properties was very
similar to that of compression properties in magnitude
and did not differentiate further between screw designs.
The amount of cycles to failure at each load level for
the 3 different kinds of screws is shown in Table 2.
All screw designs achieved 5 million cycles at the
25% load level. Significant differences in the number of
cycles to failure between screw designs were found at
50% and 75% load levels (Table 2). Fatigue tests showed
that the failure of modified and monoaxial screw bodies
occurred at the insertion point into UHMWPE blocks
(Figure 5). While the failed mode of polyaxial screw
group was that screw body swung up and down the
screw head because of loosening of the ball-in-cup
mechanism.
Table 1. Static compression and torsion structural properties of 3 different screw designs
Groups                     Bending stiffness (N/mm)    Bending yield load (N)      Bending ultimate load (N)     Torsional stiffness  (Nm/degree)
Monoaxial screws
Modified  screws
Polyaxial  screws
65.2±5.9
58.2±7.8
24.8±1.9 #
612.8±24.4
575.8±31.0
231.4±23.6 #
963.8±29.9
919.4±27.7
320.4±19.2 #
7.3±0.9
6.8±0.5
5.4±0.8 #
#P<0.05, compared with the modified group.
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DISCUSSION
According to the testing standard (ASTM F1717–
04) for vertebral fixation, we adopted UHMWPE to simu-
late standardized vertebral bodies to test the biome-
chanical properties of a modified monoaxial screw.
UHMWPE blocks were instrumented with spinal im-
plants and the rod was the only connection between
blocks. This represented the worst condition for implants
when the middle vertebral body was removed. The
Table 2. Dynamic compression structural properties of 3 different screw designs
Groups
25% load level       50%  load level        75% load level 25% load level       50%  load level        75% load level
Monaxial screws
Modified screws
polyaxial screws
                       Cycles to failure (x103,χ±s)                                                     Actual cyclic loads (N)
5 000±0
5 000±0
5 000±0
2 386±363#
   924±38
3 728±188#
  138±22#                      241.0
    78±12                       229.9
    23±5#                          80.1
           418.9             722.9
           459.7             689.6
           160.2             240.3
#P<0.05, compared with the modified group.
Figure 1. The modified monoaxial pedicle screw. It consists of
screw body and screw head that only rotates round the cylinder
structure at the tail of screw body.
Figure 2. Testing apparatus and set-up for the static mechanical test.
Figure 4. A: Bending deformity occurred at the connecting rod in
modified monoaxial screw group. B: Bending deformity of the
monoaxial screw occurred at the insertion point of screw body
into UHMWPE blocks after the compressive bending ultimate load
was reached.
Figure 5. The modes of fatigue failure for the modified monoaxial
screw (A) and monoaxial screw (B).
Figure 3. Representative load-displacement curves for the 3 screw
designs in static compression test. Each curve is obtained from
single assembly test.
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UHMWPE block-simulated vertebral segments ensured
the same condition for pedicle screw fixation and elimi-
nated the influence of variability of bones and morpholo-
gies often associated with cadaveric tissues, for
example, variability in bone mineral density due to age,
size of vertebrae, history, etc. Thus, the test in our ex-
periment is more precise and reproducible than that in
cadaver models.10 However, the test results cannot pre-
dict the actual situation of the in vivo application of the
modified screws.
Transverse connectors were not used in this study
because we aimed to assess the rationality of the de-
sign of the modified screw without interference of trans-
verse connectors. Previous studies demonstrated that
transverse connectors do not influence the results of
compression bending mechanical tests but significantly
improve the torsional stiffness according to their sites,
numbers and shapes.11-17
The way to insert the modified screws is significantly
different from that for monoaxial screws. Modified screws
are implanted using a wrench through the inner hex-
agonal hole in the screw body tail. When the last thread
of the screw body has been inserted into the pedicle
and achieved full torque, the screw head still can rotate
axially around the cylinder at the end of the screw body.
By this means, partial backing out of the screw thread
can be avoided when installation of the connecting rod
is difficult and alignment of the screw heads need to be
adjusted.3 The pullout strength test is not performed in
this study for the pullout strength of screws is not only
related to the adjusted direction of the screw head, but
also to the structural design, screw diameter, bone
mineral density, angle of screw insertion, hole for re-
peated insertion, etc.18-23
The main role of the screw-rod system is to bear
compressive bending loads and maintain stability of the
spine balance in the sagittal plane in vivo. Therefore, a
desirable mechanical behavior of pedicle screw designs
is closely related to the compression bending. Several
studies showed that the pedicle screw system can bear
38%-55% of the axial compressive bending loads.24,25
Once the spinal axial compression load exceeds the
compression stiffness of the internal devices, perma-
nent deformation of the system may occur and result
in kyphotic deformity of the segments. If the ultimate
load of the fixated spinal device is exceeded, disastrous
complications will develop. The mechanical performances
of the screw-rod system are similar between compres-
sive bending loads and tensive bending loads, so we did
not make a detailed mechanical analysis of the tensile
bending loads in this paper.3, 26
The biomechanical properties of monoaxial pedicle
screws had been widely reported in the literature.27-30
Although there are different implant methods due to vari-
ous designs of the screw-rod system, all pedicle screws
can provide sufficient mechanical stabilities for the fixated
spinal segments and obtain satisfactory clinical effects.
Polyaxial screws facilitate the installation of the connect-
ing rod, and their biomechanical properties have been re-
ported in several studies.31, 32 Stanford et al9 suggested
that the rod-screw link design of the polyaxial screw
reduces its static compressive bending yield strength
as compared with the fixed screw designs. The ball-in-
cup locking mechanism of the rod-screw link appear
vulnerable to fatigue failure. Shepard et al3 suggested
that polyaxial screws do not significantly decrease the
stiffness of the construct. On the contrary, it is feasible
because the polyaxial constructs create a more se-
cure holding environment by permitting better contact
and holding strength between the screw head and the
rod. When there is a combined effect of bending loads
and shear force to the rods, higher resistance to rota-
tional slippage would occur between the rod and the
screw head.
We first report the biomechanical properties of the
modified pedicle screw. The static test results indicate
that modified screws are similar to monoaxial screws
(P>0.05), but significantly superior to polyaxial screws
(P<0.05) in terms of compressive bending stiffness,
compressive bending yield load, compressive bending
ultimate load and torsional stiffness. This may be ex-
plained by the specific design of the cylindrical surface
between the screw head and the end of the screw body
for modified screws. This design makes the screw head
only rotate around the cylinder and avoids multiaxial
slippage. When the screw-rod system is locked
completely, the fixation mode of modified screws and
monoaxial screws are the same. Bending deformities
occurred at the connecting-rod or screw body when the
screw-rod system achieved the maximum load. For
polyaxial screw group, angular deformity normally oc-
curred between the longitudinal axes of the screw body
and the screw head due to slipping of the ball-in-cup
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mechanism, but no obvious bending deformities oc-
curred at the connecting rod in static axial compres-
sion tests. This demonstrates that the ball-in-cup
mechanism do decrease the compressive bending stiff-
ness of polyaxial screws. We deem that the modified
screw has a similar structural stiffness as the monoaxial
screw and can provide the same rigid mechanical sta-
bility for segment fixation. While polyaxial screws have
a smaller compressive strength and torsional stiffness,
but a better resistance to failure, compared with modi-
fied or monoaxial screws.
The fatigue test found that all the 3 kinds of screws
were able to complete 5 million cycles of fatigue test
under 25% of the compressive bending ultimate loads.
However, the amount of loads at 25%, 50%, and 75%
load levels in modified monoaxial screw group were sig-
nificantly larger than in polyaxial screw group (P<0.05).
At a cyclic load of about 210 N, the cyclic times of
polyaxial screws (23 000 cycles) were much fewer than
those of modified or monoaxial screws (P<0.001). The
cyclic times of modified screws were close to those of
monoaxial screws under a cyclic load at 25%, 50%
and 75% levels (P>0.05). Moreover, the fatigue failures
occurred both in modified and monoaxial screws at the
insertion point, the beginning of thread of the screw
body. The above data indicate that modified screws are
similar to monoaxial screws in dynamic biomechanical
properties. In the polyaxial screw group, rotational slip-
page of the ball-in-cup mechanism occurred, and then
the screw body swung up and down the UHMWPE
blocks. The smooth surface of the multiaxial locking
mechanism is prone to slippage under cyclic loads,
and finally results in loosening of the ball-in-cup
mechanism, which seems a protective design from fa-
tigue failure for polyaxial screws.
The limitations of present study are that though
UHMWPE blocks simulate the worst situation of verte-
bral fractures, installation of the screw-rods system can
achieve the best match. The experimental results com-
paratively analyze the biomechanical properties of the
3 kinds of screws installed in the best condition of
match, which is difficult to meet during clinical surgical
procedures. So our results cannot be applied to predict
the biomechanical performances of these screw-rod
systems in vivo.
In conclusion, the design of this modified monoaxial
pedicle screw, when implanted in the way of polyaxial
screws, facilitates assembly of the connecting rod by
only adjusting the direction of the screw head.
Meantime, the modified screws could provide sufficient
mechanical stability for the fixated segments as
monoaxial screws. The biomechanical stability of the
modified or monoaxial pedicle screws is more rigid than
that of the polyaxial screws, while the polyaxial screws
have a better resistance to failure.
REFERENCES
1. Gaines RW Jr. The use of pedicle-screw internal fixation for
the operative treatment of spinal disorders. J Bone Joint Surg Am
2000;82(10):1458-1476.
2. Yuan HA, Garfin SR, Dickman CA, et al. A historical cohort
study of pedicle screw fixation in thoracic, lumbar and sacral spi-
nal fusions. Spine 1994;19(20 Suppl):2279S-2296S.
3. Shepard MF, Wang JC, Oshtory R, et al. Enhancement of
pedicle screw fixation through washers. Clin Orthop Relat Res
2002; 395:249-254.
4. Daftari TK, Horton WC, Hutton WC. Correlations be-
tween screw hole preparation, torque of insertion, and pullout
strength for spinal screws. J Spinal Disord 1994;7(2):139-145.
5. Ryken TC, Clausen JD, Traynelic VC, et al. Biomechanical
analysis of bone mineral density, insertion technique, screw torque,
and holding strength of anterior cervical plate screws. J Neurosurg
1995;83(2):325-329.
6. Snyder BD, Zaltz I, Hall JE, et al. Predicting the integrity of
vertebral bone screw fixation in anterior spinal instrumentation.
Spine 1995;20(14):1568-1574.
7. Zdeblick TA, Kunz DN, Cooke ME, et al. Pedicle screw
pullout strength: correlation with insertional torque. Spine 1993;
18(12):1673-1676.
8. Polly DW Jr, Orchowski JR, Ellenbogen RG. Revision
pedicle screws: bigger, longer shims--what is best? Spine 1998;23
(12):1374-1379.
9. Stanford RE, Loefler AH, Stanford PM, et al. Multiaxial
pedicle screw designs: static and dynamic mechanical testing. Spine
2004; 29(4):367-375.
10. Pienkowski D, Stephens GC, Doers TM, et al. Multicycle
mechanical performance of titanium and stainless steel
transpedicular spine implants. Spine 1998;23(7):782-788.
11. Dick JC, Zdeblick TA, Bartel BD, et al. Mechanical evalu-
ation of cross-link designs in rigid pedicle screw systems. Spine
1997;22(4):370-375.
12. Lim TH, Eck JC, An HS, et al. Biomechanics of
transfixation in pedicle screw instrumentation. Spine 1996;21(19):
2224-2229.
Chinese Journal of Traumatology 2010; 13(4):222-228. 228 .
13. Kuklo TR, Dmitriev AE, Cardoso MJ, et al. Biomechani-
cal contribution of transverse connectors to segmental stability
following long segment instrumentation with thoracic pedicle
screws. Spine 2008;33(15):E482-E487.
14. Pintar FA, Maiman DJ, Yoganandan N, et al. Rotational
stability of a spinal pedicle screw/rod system. J Spinal Disord
1995;8(1):49-55.
15. Valdevit A, Kambic HE, McLain RF. Torsional stability
of cross-link configurations: a biomechanical analysis. Spine J 2005;
5(4):441-445.
16. Finkenberg J, Banta C, Cross GL 3rd, et al. Evaluation and
analysis of patient outcomes with an intrasegmental fixation sys-
tem in lumbar spinal fusion. Spine J 2001;1(2):102-108.
17. Mikles MR, Asghar FA, Frankenburg EP, et al. Biome-
chanical study of lumbar pedicle screws in a corpectomy model
assessing significance of screw height. J Spinal Disord Tech 2004;
17(4):272-276
18. Krenn MH, Piotrowski WP, Penzkofer R, et al. Influence
of thread design on pedicle screw fixation. Laboratory
investigation. J Neurosurg Spine 2008;9(1):90-95.
19. Inceoglu S, Ferrara L, McLain RF. Pedicle screw fixation
strength: pullout versus insertional torque. Spine J 2004;4(5):513-
518.
20. Lehman RA Jr, Polly DW Jr, Kuklo TR, et al. Straight-
forward versus anatomic trajectory technique of thoracic pedicle
screw fixation: a biomechanical analysis. Spine 2003;28(18):2058-
2065.
21. Myers, BS, Belmont PJ Jr, Richardson WJ, et al. The role
of imaging and in situ biomechanical testing in assessing pedicle
screw pull-out strength. Spine 1996;21(17):1962-1968.
22. Barber JW, Boden SD, Ganey T, et al. Biomechanical
study of lumbar pedicle screws: does convergence affect axial pull-
out strength? J Spinal Disord 1998;11(3):215-220.
23. Defino HL, Rosa RC, Silva P, et al. The effect of repetitive
pilot-hole use on the insertion torque and pullout strength of ver-
tebral system screws. Spine 2009;34(9):871-876.
24. Cunningham BW, Kotani Y, McNulty PS, et al. The effect
of spinal destabilization and instrumentation on lumbar intradiscal
pressure: an in vitro biomechanical analysis. Spine 1997;22(22):
2655-2663.
25. An HS, Lim TH, You JW, et al. Biomechanical evaluation
of anterior thoracolumbar spinal instrumentation. Spine 1995;20
(18):1979-1983.
26. Rohlmann A, Graichen F, Weber U, et al. 2000 Volvo
Award winner in biomechanical studies: monitoring in vivo im-
plant loads with a telemeterized internal spinal fixation device.
Spine 2000; 25(23):2981-2986.
27. Tsai KJ, Murakami H, Horton WC, at el. Pedicle screw
fixation strength: a biomechanical comparison between 4.5-mm
and 5.5-mm diameter screws in osteoporotic upper thoracic
vertebrae. J Surg Orthop Adv 2009;18(1):23-27.
28. Wang XY, Dai LY, Xu HZ, et al. Biomechanical effect of
the extent of vertebral body fracture on the thoracolumbar spine
with pedicle screw fixation: an in vitro study. J Clin Neurosci
2008;15(3):286-290.
29. Jacob AT, Ingalhalikar AV, Morgan JH, et al. Biomechani-
cal comparison of single- and dual-lead pedicle screws in cadaveric
spine. J Neurosurg Spine 2008;8(1):52-57.
30. Freslon M, Mosnier T, Gayet LE, et al. Biomechanical
evaluation of posterior instrumentation for lumbar burst fracture:
comparison of two internal devices. Rev Chir Orthop Reparatrice
Appar Mot 2007;93(3):213-221.
31. Fogel GR, Reitman CA, Liu W, et al. Physical characteris-
tics of polyaxial-headed pedicle screws and biomechanical com-
parison of load with their failure. Spine 2003;28(5):470-473.
32. Chen SH, Mo Lin R, Chen HH, et al. Biomechanical ef-
fects of polyaxial pedicle screw fixation on the lumbosacral seg-
ments with an  an terior interbody cage support. BMC
Musculoskelet Disord 2007;8:28.
(Received March 8, 2010)
Edited by LIU Gui-e
